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ABSTRACT

Changes in the counts of total viable
microorganisms, lactic acid bacteria,
Enterobacteriaceae, staphylococei, and
yveasts, as well as pH, salt content, total
solids content, ash content, and a, of
Ficante were examined using ANOVA,
Five equally spaced proportions of goat
to ewe milk covering the range of 0 to
100% were tested, and the corre-
sponding cheeses were sampled at
increasingly spaced times over a 180-
day ripening period. Numbers of
staphylococcei and Enterobacteriaceae
were very high, especially in the first
days and for cheeses made with a high

RIASSUNTO

Mel presente lavoro sono stali esa-
minati i cambiamenti osservati nel for-
maggio Picante in merito alle conte di
microrganismi vitali, batteri lattici,
Enterobhacteriaceae, staflilococchi e lie-
vili. Sono stati inoltre indagati il valo-
re di pH, il conlenulo di sali. di solidi
totali, di ceneri e a, usando ANOVA.
Sono slali saggiati campioni di latte di
capra aggiunto in cinque diverse pro-
porzioni, da 0 a 100%, al latte di peco-
ra. Partendo da queste differenti misce-
le di latte, i rispellivi [ormaggi sono
stati campionati a tempi di maturazio-
ne crescenti, fino a 180 giorni. I nume-

- Koy words: microbial flora, mixture of ewe and goat milk, physico-chemical factors,
Picante cheese, ripening time, -
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|_El' percentage of ewe milk. The major
groups present throughout ripening
were lactic acld bacteria and yeasts,
Strains of lactobacilli were ubiquitously
present, and their disappearance
between 130-180 davs seems Lo be
related to the increase in NaCl content
up to 12% (w/w). There was a notable
increase in the levels of yeasts during
the first days, and a significant decrease
towards 130 days. Both milk composi-
tion and ripening time had statistical-
ly significant effects in all microbiolog-
ical and physico-chemical variables
measured, but milk composition appar-
ently did not cause significant differ-
ences in terms ol overall organoleptic
evaluation. Attempts to mathematical-
Iy correlate the numbers of microor-
ganisms with time were successhally
performed.

ro di Stafilococchi e di Enterobacteria-
ceae € risultato molto alto, in partico-
lare nei primi giorni e per formaggi con
una alta percentuale di latle di pecora.
[ gruppi maggiormente presenti duran

te la maturazione sono stati 1 batteri lat-
tici ed i lieviti. Colonie di lattobacilli
sono state ubiguitariamente riscontra-
te e la loro scomparsa trai 130 e i 180
giorni sembra essere collegata all'inere-
mento di NaCl che arriva fino al 12% in
peso. E stato notato un notevole incre-
mento del livello del lieviti durante i
primi giorni e un significativo calo verso
i 130 giorni. Sia la composizione del
latie che il ternpo di maturazione hanno
evidenziato effetti statisticamente signi-
ficativi su tutli i microrganismi e sulle
variabili chimico-lisiche misurate; tut-
lavia la composizione del latle non ha
causalo, apparentemente, cambiamenti
significalivi in termini di valutazione
organolettica globale. Sono stati infine
eflettuati, con risullali positivi, dei ten-
tativi di correlazione matematica tra il
numero dei microrganismi e il tempo di
maturazione,

INTRODUCTION

Although artisanal cheeses made from
milk of small ruminants such as sheep
and goats account for a very small pro-
portion of the worldwide cheese pro-
duction, such cheeses have important
social and economic impact in Mediter-
ranean counltries such as Portugal,
Spain, France, laly and Greece. The
organoleptic and textural uniqueness ol
the cheeses manufactured with ewe and
goat milk have attracted the attention of
several researchers in recent years [CAR-
BALLO et al., 1994; DEIANA et al., 1977;
FATICHENTI et al., 1979; FERNANDEZ DEL
POZC et al.. 1988a.b; FONTECHA <t al.,

362 ital J Food Sci. n. 4 - 1995

1990; GOMEZ et al.. 1989; LLANG et al.,
1992; NUNEZ et al. 1978). They attempted
to correlaie the specific properties p
observed in the cheeses with the
microstruciure of the casein micelles
and fat globules in the milk, on the one
hand. and with the native (or contami-
nation) microflora, on the other. Such
attempis are driven by the goal to stan-
dardize the manufacture of these
cheeses, a sine gqua non condition for
the survival ol such cheeses in the
increasingly demanding world market.

Ficanle da Beira Baixa [or simply
Picante) cheese, a hard, salty, and spicy
cheese originating in Portugal, is man-
ufactured manually in small quantities




from a mixture of raw ewe and goat milk

using animal rennet without deliberate

addition of any starter culture ([CRUZ et
al., 1945],

Ripening of Picante differs from most
cheeses in that the curd is rubbed with
dry salt at the time of making it and the
cheeses are maintained in the matura-
tion room lor 2 to 8 days. rubbed once
again with salt, grouped in small hori-
zontal sets of 2 or 3 cheeses, and left in
this manner lor 2 to 3 weeks.

They are eventually brought together
in vertical sets ol several cheeses sup-
, ported by intercalated layers of clean
sand and wheat straw, and maintained
in thal way lor a minimum of 4 months
with periodic washing with tap or salt
waler.

The objective of the present study was
to quantitatively characterize the devel
opment ol the major microbial amilies
(lactic acid bacteria. yeasts, Enterobac-
leriaceae, and staphylococci] and sev-
eral physico-chemical properties (pH,
NaCl content. total solids content, ash
content, and a ) which play a role in
microbial development throughout the
ripening period,

Establishment of relationships
between physico-chemical properties
and microbial development was attempt-
ed using semiempirical models, and the
elfect ol dillerent proportions of ewe and
goat milk on such development was
ascertained using ANOVA. This research
effort is important because virtually no
data are available to date on Picanie
cheese, although the issue of the micro-
bial safety ol this cheese has been raised
in the mass media several times in the
recenl pasl. On the other hand, it is
likely that extensive insight into the
microecology of Picante cheese [sup-
ported by suitable methods ol assess-
ment of statistical signilicance thereol)
will lead to ratlonal improvements of the
farmhouse methods for manufacturing
this unique cheese.

MATERIALS AND METHODS

Manufacture, experimental
design, and sampling

Five batches of mixtures of
Charnequeira goat and Merino ewe milk
with the compositions 0/ 100 (goat fewe),
25/75, 50/50, 75/25. and 100/0 %l /v),
respectively, were prepared. These batch-
es will be denoted hereafier as 0C, 25,
b0C, 7bC and 100C, respectively.

Each batch was used to manulacture
20 cheeses according to the traditional
procedure, and they were all ripened in
situ under similar environmental con-
ditions.

Ten cheeses (lwo cheeses per batch)
randomly taken were sent under relrig-

eraled condilions (o our laboratory at
0. 9, 256, 40, b5, 83, 110, 140, and 180
il ol ripening [i.uunlml [rom the lime ol
the salling procedure), and radial slices
were randomly taken [rom each cheese
and used lor analysis (hence, a repli-
caled bx9 [actorial design was used). A
replicated 5x6 lactorial design was used
for Enterobacteriaceae counis and a
replicated 5x8 factorial design was used
lor yeast counts. For the pH analysis, a
replicated 5x9 factorial design was used
for both the outer pH (upper portion of
slices) and the inner pH (inlerior portion
ol slices).

Microbiological analyses

The cheese samples (10g) were homog-
enized with 90 mL of sterile 2% (w/v)
sodium citrate [Merck, Frankiurt, Ger-
many] at 45°C for 3 min in a stomacher
Lab-Blender 400 (Seward Medical. Lon-
don, U.K.).

Sequential decimal dilulions of the
cheese homogenate were made with ster-
ile 0. 1% (w/v] peplone water (Sigma, St.
Louis, MO, 1.5 A) and plated in duplicate
on a range of media: toial viable counts
on Plate Count Agar (PCAJ [Lab M, Bury,

ltal. J. Food Sci. n. 4 - 1995 363




U.K.) incubated at 30°C for 3 d under
aerobic condilions; lactococei on M17A
Agar (M174A] (Lab M) incubated at 30°C
for 3d; lactobacilli on Rogosa Agar (RA)
(Oxoid, Basingstoke, U.K.) incubated at
30°C for 5d; yeasts and moulds on Pota-
to Dextrose Agar (PDA) (Lab M) incubat-
ed at 25°C for 5d; coagulase positive
staphylococei [Staphylococcus aureus)
on Baird Parker Medium [BPM) (Lab M)
supplemented with egg yolk tellurite (Lab
M), incubated at 37°C for 2d; and Enler-
obacteriaceae on Violet Red Bile Glu-
cose Agar (VREGA) (Lab M) incubated at
37°C for 1d.

The M17A and RA were supplement-
ed with cycloheximide (100 mg/L)
(Sigma) to prevent yeast growth, and
sterile 10% (v /v) lactic acid (Merck) was
added to the PDA (g improve its selec
tivity.

All microbiological counts were made
according to the surface viable count
technique of MILES and MISRA (1938],
except for VEBGA counts which were
determined by the pour-plate technique
of BUSTA et al. (1984). The resulis are
expressed as clu/g ol cheese,

FPhysico-chemical analyses

The analyses were done according to
RICHARDSON (1985) and KOSIKOWSKI
(1982). The total solids content was deter-
mined by the oven method (100°C) and
the pH values were measured with an
electrode for solids (Ingold, Urdorf,
Switzerland) connected to a poten-
tiometer Crison Microph 2001 [Crison,
Barcelona, Spain).

The NaCl content was determined by
the modified Volhard method using sil-
ver nitrate and potassium thiocyanate
(Merck); the water activity (a ) was mea-
sured with a model DP989M Protimeter
dewpoint meter (Protimeter ple, Bucks,
U.K.), and the ash content was deter-
mined according to the AOAC method
(1990).

364 ital J. Food Sci. n. 4 - 1995

Sensory analyses

Cheeses ripened for 180 d were
assessed organoleptically by a group of
9 experienced panelists. Cheeses were
graded for form (0 to 4; 0 for very bad
and 4 for very good), rind (0-4). texture
[0-8) and flavour (0-6), and the scores
were summed to give a quantitative value
for the overall sensorial appreciation.

RESULTS
Experimental data

The experimental data pertaining to
the microbial counts for various times
during the ripening period and various
proportions of ewe and goatl milk are
plotted three-dimensionally in Figs. 1-6.
The experimental data pertaining to the
pH values, salt content, total solids con-
tent. ash content, and waler activily are
reported in Table 1. The numerical data
periaining to the overall sensory appre-
ciation are reported in Table 2.

Statistical analyses

For each microbiological and physico-
chemical variable, two-way analyses of
variance (ANOVA) were carried out. The
use of ANOVA is valid if the experimen-
tal errors are independent and normal-
Iv distributed. and if they possess a con-
stant variance; for all variables except for
pH and NaCl content the original exper-
imental data had to be transformed using
a A-power form so as to achieve normal-
ity (BOX et al.. 1978). The more impor-
tant information conveyed by the ANOVA
tables containing the (un)transformed
data is summarized in Tables 3 and 4.
Plots of the residuals of the transformed
data not shown) indicate that the behav-
for of the errors of the transformed data
is in good agreement with the assump-
lions underlying the validity of the
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Table 1 - Mean values, throughout ripening, of physico-chemical variables for the fve batches of
Picante cheese with different goat and ewe milk compositions.

Physico- Ripening fime (d)
chemical Type!'

property of cheese ] 2] 25 40 55 a3 110 140 180
oc 537 497 627 618 519 533 566 581 577
25C 537 518 546 524 512 534 573 585 580
inner 50C 545 456 511 504 503 535 563 585 583
pH 750 505 449 505 &06 509 528 575 59 580
100C 485 458 482 5M 504 533 570 588 579
ac 583 b4 570 580 566 610 663 629 614
25C 579 578 574 578 562 606 694 622 B2Y
outer 50C 570 485 554 hbs 552 B1T 653 623 627
pH 750 551 474 553 bHAH4 541 B15 653 622 6.3
100G 539 495 533 560 544 8606 639 616 628
oc 308 8.08 748 773 B4 BOY BBD  BV2 1183
2EC 396 760 g0z 7894 782 BOY  BTE  BEY 1158
MaCl 50C 37 70 771 780 828 848 BB 915 1182
%) 75C 355 813 B9 786 FF4 B3 B43 842 1150
100C 300 836 T74 7h3 774 B4R B2 B33 1178
ac 086 D82 084 082 082 0% 0W DB7 078
25C 088 093 092 0B 082 0% 090 087 078
a, 50C 1.00 095 085 083 082 09 092 087 078
75C 087 083 085 092 08 08 0N 085 077
100C 08 0.9 083 083 o082 0% 080 087 078
0c 4033 4633 4983 5106 51.50 5086 5241 5670 50.52
250 4010 4863 5007 4879 5016 5146 5259 5616 5951
total selids 50C 4226 4775 4971 4877 5008 5004 5232 5519 5972
%a) 750 4273 4925 4072 5219 5154 5038 5258 5631 6116
100C 4401 5063 5080 BOOS 5177 5064 5344 5758 5097
0c 515  7.90 840 1275
250 480  7.95 875 13.00
ash 50C 485 7.0 9.65 12,65
%) 75C 425 1005 12.85 915
100C 370 980 9.05 12.50

! Tha type of cheese refers to the volumetric percentage of goat milk.

ANOVA methodology, and so the statis-
tical analysis can be validated.

For the organoleptic data, Student’s i-
tests of the hypothesis that the average
total score for the cheeses is different for
different milk compositions were imple-
mented using appropriate estimates of
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variance pooled from every pair ol data
sels under consideration. The null
hypolhesis, i.e. that the overall
organoleptic score of the cheeses is
essentially the same irrespective of milk
composilion, was accepted in all cases at
the 5% level of significance.



Table 2- Scores for the overall organoleptic appreciation of the five bacthes of Pieante cheese with dil-
ferent goat and ewe milk compositions. The overall seale is 0 - 20, and is obtained as the sum of the scales
used to score the cheese form [0-4], rind [(0-4]. texture [0-6), and flavour [0-6), where the lower and upper
scores associated with each sensorial attribute denote very bad and very good, respectively.

Panelist Type of cheese'
Nurnber
oc 28C S0C 780 100c

1 16.5 17.0 15.0 14.0 16.5
2 18.0 15.5 17.0 19.0 17.0
3 158.0 18.0 145 16.5 17.0
4 14.5 17.0 145 17.5 15.5
5 14.0 13.0 125 14.5 15.0
] 16.5 16.5 185 17.56 17.5
7 14.0 17.0 18.0 18.0 16.0
8 14.0 16.0 1.0 16.0 13.0
) 12.0 13.0 11.5 15.0 16.0

! The type of cheese refers to the volumetric percentage of goat milk.

Table 3 - ANOVA table for the replicated factorial
arrangement pertaining to the micmf]_ora Chil-
merated on the various media after transformalion

Table 4 - ANOVA table [or the replicated [actorial
arrangement perlaining (o physico-chemical

il ramelers.,

of the data.
Enumerating & Source of Ratio of Physico-chemical Source of Ratic of
medium variation  mean squares” parameters variation mean squares
Factor C 16.337 Factor C 16326
FCA -0.04 Factor T 702,97 Inner Factor T 13807
Interaction CT 13.267 pH Interaction GT 33523
Factor C 1,7211 Factor C 65.357
BPM -0.06 Factor T 25673 Outer Factor T 427 86
Interaction CT 243.56 pH Interaction CT 11.643
Factor G 356.62 Factor C 26774
VYRBGA Q.16 Factor T 1,489.3 MNall Factor T 712900
Interaction CT 99.854 (%) Interaction CT 3.3852"
Factor C 5.0750 Factor G 14,303
M1TA -0.0025 Factor T 409.41 total solids Factor T £31.84°
Interaction CT 6.9960 (%) Interaction CT 3.7060°
RA 0 Eiﬂ?fr? 19 ?3?1 - G: Composition; T: Time; CT: Composition and Time
Interaction CT " 87500 Significant at the 0.1% level of significance.
Factar C 26.691
FDA -0.1 Factor T 15,036
Interaction CT 12.698

L Maximum likelihood estimator,
C: Compasition; T: Time; CT; Composition and Time.
-All values were significant at the 0.1% level of signif-

icance.
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Mathematical analyses

In the case of the correlations of the
populations of the different microbial
families with observable physico-chem-
ical parameters, the following simple
model was used:

dc,

. - = []'1:;.:! + [I'lr,ql ) 1'1::-.11] }r:] CX
dt

(2)

where C, is the concentration of viable
microflora (in cfu/g), t is the time elapsed
after the salting procedure, p_, and p_
the specific death rates in cheeses made
with 100% ewe milk and 100% goat milk,
respectively, and y_ the volumetric per-
cent of goat milk. It is commonly accept-
ed (SPERBER, 1983) that the specific rate
of death increases when the water activ-
ity of the medium decreases: in its sim-
pler form, they should be related by

Hoa=0hp~ 0y &y
Pea = %o~ % S 3)
where ¢ . ¢ |, ¢, and ¢_, are positive
parameters, and a_,_ and a_  are the
water activilies in cheeses made from
100% ewe milk or 100% goat milk,
respectively. In addition, it has been
found (FERNANDEZ SALGUERO and
LLINARES, 1985; GOMEZ and FERNANDEZ
SALGUERO, 1992; MARCOS et al., 1981;
ROBINSON and STOKES, 1959) that the
water activily correlates linearly with
the molality of sall according to

i Bﬂ,[] " Py My

m (4)

a‘:.w
a el Pel “es

W

where B, B,, B., and B_, are positive
parameters, and m_ _ and m__ denote
the molality of salt in cheeses made from
100% ewe milk and 100% goatl milk,
respectively. Finally, fundamental con-
siderations pertaining to the movement
of salt by diffusion from the surface of the
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cheeses (essentially kept under saturat-
ed conditions of salt at all times) into the
bulk [CRANK, 1975) within the time frame
utilized in our experiments and under
the approximate assumption that the
cheese behaves as a semi-infinite medi-
um have led the following approximate
relationship to be proposed for the molal-
ity of salt, i, averaged over the entire
cheese and over time L:

‘nc.s = ?fr.ﬂ + ?n.l -\':t

i = |
M e =Yeo * Tt Vi

(5)
where v .. V.. T.o- and y,, are positive
parameters, andm__ andm__ are the
molality of salt averaged over the entire
cheese and time { [or cheeses made from
100% ewe milk and 100% goat milk,
respectively. (In this equation, the y.'s
are proportional to the initial salt content
ol the cheese, whereas the y's are pro-
portional to the product of the saturation
conceniration at the surface of the cheese
by the square root of the apparent diffu-
sivity of salt within the cheese matrix).
Combining eqs. (2)-(5) vields, upon inle-
gration, the following relationship:

In|

Cx }=-l£o+EchJt-[EE+F3}QJt3*“2 (6)
CX.U

where parameters g, €,, £,, and ¢, are
de'ﬁnEd as Euﬂn.ﬂ-un.lrﬁﬂ.ﬂ_ﬂﬁ. l"r::r.l:}]" E:I:':"’i:l.':.'ll-
0 o+ 0 1By ol 17, o)+ 0 (B 1 Ve 07 1B o)
g,=2at, B, 17, 0/3. and €;=2(a, , ﬁc. 1¥e”
o B, Y. )/3. respectively.

The experimental data overlaid on the
corresponding theoretical model of the
form given by eq.(6) are depicted in Figs.
7-9 for some microbial groups. The best
estimates for the £ parameters (calculated
by nonlinear regression analyses) are
tabulated in Table 4. Plots of all residu-
als of the experimental data with respect
Lo the values predicted by the model
given by eq.(6) (not shown) do not display
biased trends, whereas plots of the same



residuals against the percentiles of a
normal distribution do not depart sig-
nificantly from linearity; hence, no appar-
ent statistical reason exists to doubt the
form of the models proposed, and con-
sideration of other functional forms
and/or inclusion of pll-dependencies
was not pursued,
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al 100
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0 100
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Ripening time (d)

DISCUSSION

High numbers of total viable microor-
ganisms (PCA), i.e. above 10° cfu/g. were
detected throughout the ripening period
for all cheeses, showing an increase dur-
ing the first days of ripening followed
by considerable decreases until 180 d of

(13
=T}

-20 "
a0
Ripening time (d)

=20 L
0 50 100
Ripening time (d)

Fig. 7 - Two-dimensional plot of the logarithm of the
ratio of the microbal counts on VRBGA to the
corresponding initial counts vs, ripening time for
O (i), 25% (if). 507 (i), 75% (iv], and 100% (v) goat
millc.
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and Enterobacteriaceae (VRBGA) were
relatively high (10% and 10® cfu/g,
respectively), especially during the first
days of ripening and for the OC and 25C

ripening (see Fig. 1). These resulis are
similar to those previously reported by
other authors who have worked with
artisanal cheeses made from goat and

ewe milk (FONTECHA et al., 1990; GAYA et cheeses (Figs. 2 and 3). This observation
al., 1983: LLANO et al., 1892; NUNEZ et al., is an indication of the poor microbio-
1978). logical quality of the raw milk, particu-
The numbers of staphylococei (BPM]  larly the ewe milk. In all cheeses, the
= =
w =
= <
] -
| ) )
il o
= =
= 220 - - 20t &
4]
...25 . i i i _25 i i
g .50 160 150 2003 a _50 100 150 200
Ripening time (d) Ripening time (d)
~ —
< =
b b
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E 4
& o
e’ P
= =
= -20r o =
_25 1 [ 1 _25 1 A 1
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Ripening time (d)

50
Ripening time (d)

Fig. & - Two-dimensional plot of the logarithm of the
ratio of the microbial counts on RA to the corre-
sponding initial counts vs, ripening time for 0% (i),
25% (i), 50% (iii), 75% (iv], and 100% (v) goat
milk.

0 50 100 150 200

Ripening Time (d)
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numbers of staphylococcei increased
slightly during the first days, stabilized
from that time until 60 d of ripening,
and then underwent a considerable
decrease except for the 100C cheese, in
which the counts of staphylococci tend-
ed to consistently decrease alter 9 d of
ripening (Fig. 2). For the 50C and 100C

-2[] 1 i

50 100 150
Ripening time (d)

15 | ®

-2{} i 1
50 100
Ripening time (d)

=

130

15 &

=20

=

50
Ripening

100
time (d)

150

cheeses, staphylococei could not be
detected after six months of ripening,
although the same conclusion is unex-
pectedly not valid for the 75C cheese.
Although BPM is a selective medium for
Staph. aureus, the growth of coagulase-
negative staphylococei was able to be
observed, Scarce levels of Staph. aureus

220 i L
0 50 100
Ripening time

150

(d)

g

i
w
T

100

50 150
Ripening time (d)

Fig. 9 - Two-dimensional plot of the logarithm of the
ratio of the microbial counts on PDA to the corre-
sponding initial counts vs, ripening time for 0% (i),
25;&1&; (ii). B0 (i), 75% (iv], and 1002 (v] goat
TR,
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were also reported for such artisanal
cheeses as La Serena, a cheese manu-
factured with raw ewe milk [SANCHEZ-
REY et al., 1993).

Initial counts of Enterobacteriaceae
were in general high, thus providing an
indication of the poor microbiological
quality of the raw milk from the small
ruminants and for poor hygienic manu-
facturing conditions in the production of
Ficante cheese. The counts were differ-
ent from cheese lo cheese, ranging [rom
108 cfu/g for the OC cheese to 10° cfu/g
for the 100C cheese. These values
decreased sharply until virtually disap-
pearing at ca. 80 (0C, 25C, and 100C) or
ca. 100 d (50C and 75C) as shown in Fig.
3. A similar decreasing tendency for
Enterobacteriaceae counts was reported
by GAYA et al. (1983). Different proportions
of goat and ewe milk in cheese yvield dil-
ferent counts in BPM and VRBGA, which
is supported by the results in Table 3.

The major groups present through-
out the ripening of Picante cheese were
undoubtedly lactic acid bacteria and
yeasts. Changes in M17A counts (viz.
lactococci) are consistent with those
reported lor other artisanal cheeses,
where again such microbes are one of the
major contributors to the microflora pre-
vailing during ripening (FONTECHA et al.,
1990). During the ripening period, the
M17A counts were above 10° ¢fu/g until
approximately 140 d, and then sudden-
Iy decreased to 10°cfu/g during the last
40-d period (Fig. 4). The high values
obtained for counts on M17A, mainly at
180 d of ripening, are somewhat sur-
prising because, at this stage, Picante
cheese has extremely high NaCl values
{approximately 12%) and very low a
values (below 0.80), both quite unfavor-
able conditions lor lactococeus growth,
One possible justification could be that
MI17A is not completely selective towards
growth of lactococci, since other lactic
acid bacteria may at times be observed
[TORNADIJO et al., 1993): this hypothesis
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was confirmed a posteriori by analyses of
isolates from M17A which confirmed the
presence of enterococei. Resulis obtained
by FONTECHA et al. (1990) working with
artisanal cheeses made from goat and
ewe milk have shown that the growth of
enterococci [ollowed approximately the
same pattern as that of lactococc, i.e.
high values early in the ripening period
followed by a slow decrease. According to
LLANO et al. (1992), enterococei remained
at high values in the interior of Gamone-
do cheese throughout ripening, sug-
gesting that these bacteria could play
an important role in the ripening of such
cheese. '
The lactobacilli group (mainly homofer-
mentative) (RA) was initially present at
high levels, ca. 10® cfu/g for all cheeses
wilth the exception of the 0C cheese
which had a count of 10" ¢fu/g. A con-
tinuous decrease occurred during the
first 3 months of ripening, after which a
sharper decrease took place until virtu-
ally disappearing at 180 d (Fig. 5).
Between 140 and 180 d of maturation,
the NaCl content increased from values
of 8-9% to 11.5-12% and the a  dropped
from values of 0.85-0.87 to 0.77-0.78
[Table 1). This could be related to the dis-
appearance ol lactobacillus strains,
which are very labile to extreme envi-
ronmental conditions. The ANOVA
results (Table 3) also show that in the
case of counts on RA, the milk compo-
sition and, o a greater extent, the ripen-
ing time factor have significant effects,
whereas for the counts on M17A the
effect of time seems to clearly prevail.
In all cheeses, large increases (in some
cases above two orders of magnitude,
from 10° to 10® cfu/g) in the levels of
yeasts during the first days could be
detected. These levels were maintained
during the first month, and then dropped
so that yeasts could not be detected afier
140 d of ripening (Fig. 6). Growth of
molds was seldom observed during the
incubations on PDA. The yeasts found in



Picante cheese are essentially non-fer-
mentative and the majority utilize lactic
acid. Yeasts have been implicated in the
second stage of maturation (ROHM et al.,
1992) as well as in the production of
flavour compounds resulting from their
proteolytic and lipolytic activities (NUNEZ
et al., 1981). The ANOVA results pertain-
ing to the presence of yeasts in the var-
ious cheeses throughout the ripening
period [Table 3) show that the composi-
tion and, to a greater extent, the time fac-
tor had significant effects.

The pH in all cheeses dropped after
salting. This decrease was due mainly to
the metabolic activity of the lactic acid
group of microorganisms. After that,
there was a tendency of both inner and
outer pH to increase throughout the
ripening process (Table 1), attaining val-
ues of 5.77-5.89 and 6.14-6.32 at 180 d,
respectively. The lower value of the inner
pH is likely related to the environmental
conditions prevailing in the interior of the
cheese, where a more intensive lactic
acid fermentation cccurs than on the
surface.

The NaCl content of Picanie cheese
is, on average, rather high; it attains
values from 3%l(w/w) after the first salt-
ing to 8%(w/w] after the second salting,
and such high values are confirmed by
the corresponding high values ol ash
content (Table 1). The increase in salt
content that occurs belween 140 and
' 180 d of ripening is probably related to

the dehydration of the cheese (Fig. 1),
which, due Lo the molecular nalure of the
salt migration requiring a liguid contin-
uum, is likely to lead to supersatura-
tion conditions. A concomitant decrease
in the moisture content and water activ-
ity was observed throughout the ripen-
ing process, reaching very low values at
180 days of ripening (Table 1).

Table 4 indicates that in the evolu-
tion of both pH values and NaCl content,
the factor time clearly has a much more
significant effect than the composition (in
the case of NaCl content, it was actual-
Iy found that the composition is nol sta-
tistically significant).

With respect to the semiempirical
models considered, it is interesting to
note that in general they provide good fit
lo the experimental data on the microbial
counts for all families and are able to
simulate local maxima wherever they
exist: the [it is particularly good for the
microbial strains grown on PDA (Fig. 9).
These models are important because, to
some extent, they allow the evolution of
the microbial ecology to be predicted, a
basic step for any attempt to standard-
ize and eventually improve the manu-
facture of Picante cheese. It is remark-
able that physico-chemical constraints
are not violated by the estimates of the
£ paramelers, especially knowing that
such estimates are obtained via a pure-
ly statistical roule; viz. g, is always pos-
itive, as expected from its definition cou-

Table 5 - Estimates of parameters in the model denoted as eq. (6.

Medium E E : E
() (") %) ¢y

PDA -0.4639 0.002092 0.04610 -0.0001663
VRBGA [, 1866 -0,0008444 0.0004662 0.00002598
BPM -0.1547 0.001348 U.m 381 000008519
RA 0.05947 =0.001037 0.001786 0.00007108
PCA 0.08170 0.0007932 0.008495 0.00004680
MiTA 0.005451 -0.00001236 0.001104 0.000004845
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pled with eqgs. (3)-(5). In general, the
trend for the number of viable microor-
ganisms is to decrease with ripening
time; after an initial transition period
(which may even lead to increases in
the numbers of viable microorganisms),
such decreasing trend becomes essen-
tially exponential as ripening time
approaches completion. The dependence
of the microecology of Picante on the
composition of the cheesemaking milk
(i.e. a gradual variation between the two
limits corresponding to pure ewe and
pure goat milk) was also somewhalt
expected,

Knowledge of the rates of reduction of
viable counts of the various microbial
families in Picante is crucial if educated
attempts to establish microbiological
salety for consumption are sought. The
modelling procedure described above
allows one to roughly anticipate when,
within the ripening period, a Picanle
cheese will contain such potentially
harmful microrganisms as staphylococ-
ci and Enterobacteriaceae at levels suf-
ficiently below the safety threshold.
Although claims may be raised that fur-
ther work is warranted in order to deter-
mine whether such microbiological
reductions also affect the perceived qual-
ity of the cheese, il should be noted that
panel tasting of Picante cheese at inler-
mediate stages ol ripening would be dif-
ficult and possibly dangerous in view of
the high levels of potential pathogens
arising from the compulsory manufac-
ture with raw milk. On the other hand,
the composition of the milk mixture (in
terms of volumetric proportions of ewe
and goat milk) does not affect, on sla-
tistical grounds, the overall sensory char-
acteristics of the final cheese and this
realization suggests that attempts to
improve the organoleptic profile of
Picante cheese should not consider milk
composition as a first priority.
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